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SUMMARY

Forty-eight speakers read mltiple-choice intelligibility teast lists
(5) uwnder various conditions of either low-pess or high-pass filtering of
side-tone, The speakers' reading of the lists was heard by 298 1‘steners
in 12 paneis, The sound pressure level of side-tone for each speaker wae
kept comstant for all band-pass conditions. The results indicate %hat
speaker intelligibility improves significantly when the frequencirns ebove
600 cps are attepuated in the side-tone cirecuit,

INTRODUCTION

The results of previous =xperimentation have indicated that, as the
side-tone signal for normal speakers is altered, measurable changes occur
in the rate and sound pressure level of thw nrciucad speszche These measur-
able changes include: (a) progressive retardation in rute of oral reading
under increasing incremepis of sides-tone delay (3,6,9); (b) nrogressive
increase in sound pressure level of oral response under increased side-‘;one
delay (3,5); {c) au incresse or decrease in the sound pressure level of
regspaonse 28 the sound pressure level of side-tone i3 increased cx Gecreased
(4,7; and (d) an increase in oral reading raie uader acceisrated trans-
mission time of the external side-tone, Results concerming the effect of
an altered side-tone signai the intelliigibility of the speaker have
heretofore been inconclusive (1).

The sbove results, indiceting that spcekers respond to chenges in time
and sound pressure level in the side-tone circuit by altering their rate and
sound pressure l=vel of response, suggested that changes in the sids-tone
signal which would bhe occesiored by band-pass fregusncy filtering of the
signal might result in measurable changes in speaker intelligibility, Uader
certain frequency-filtered conditions the relative isck of intelligibility
of the side-~-tone signal might cause the specker to become more intelligible
in his response, The present study was concerned with the effect of low-
pase and high.pass frequency filtering of side-tone upon speakexr
intelligibility,

The hypothesis upnder teet was that theie is no difference in the
intelligibility of speech obtainsd with speakers reading wisr: {a) eix
conditions of low-pass frequency filtering of side~tcne and (b) six
conditione of higli-p2es frequancy filtaring of side-~tone,

PROCEOURE

Porty-eight speckers read all the speaksr lists frow zituer Form A, B, A-l,
or B-3 of ths muitiple-choice inteliizibility tests (5). Each mpsaker resd
two liasts under each of the side-tons tand~pass cozdivions. SHaif of the
speakers read under low-pess filtering coz’iticns and hair under high-pess
filtering conditions. The oxder of presentation of ths conditions was
randiomly varied from speaker to speaksr, ™= subjects who perticipated in
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+he experim:ui wera drawn from & population of cadets in the Naval Aviation
training program,

The side-tone band-pasz cut-off frejuencies were 150, 300, 600, 900,
2200, and 1500 cps for high-pass filtering and 300, 600, 900, 1200, 1500,
and iS00 cps for the low-pass filtering,

These side-tone conditions wider which the speakers reed were achieved
through placing a variable band-resjeciion filter and step attemuator in the
system which fed the side-icns signal to the speaker. Adjustment of
attemator settings permitted a relatively constant sound pressure level of
side-sone to be delivered to the sp=aker's ears throughout the rane of
filtering conditions. Attanua'cr settings for the various condit. .as weze
determined by obtaining subjective Judgments on equal apparent loudness of
the bari-pass coniitions from thrse pre-experimental subjects., Parallel
$lacement of two VU meters, one in the source pick-up system from the
speaker end the other in tThe sias-tone channel syatam, allowed further
control of the constancy of side-tome zignal level during experimsutal
seassions. The sound pressure level of the side-tcne sigunl at the speakers!
ears through Permoflux PDR-3 receivers was approximately 80 &b ‘re 0,0002
dynes/ome). The speakers r=ad under ccxditions of quiet, Source pick-up
of the sperker's woice was by a condenssr micropions {(Alisc-lansing, mdel
21C), boom-mounted, adjacent to the cormer of the speaker’s mcuth.

The listener: received the voice signal at e lzvel of appraximately
95 db (re 0,0002 dynes/cm®) through Permoflux PDR-3 receivers unler & free-
field enviromment of 114k @b of recorded propeller type aircr=fi anoiss,

Each speaker read 12 intelligibility lists for the listening panels,
Two Jists were read uader each side-tone conditicm. The moan intelligibility
value for each speaker om the twe lists waz used as the basic score for the
statistical treatment of the data., The data were treated by double-classifi-
cation analysis of variance. Where F-ratlios were found which exceeded the
five per cent level of confidence. the statistic t wvas used to estellish the
"critical difference” between the means,

———

A suzmary of the resulis of the avalysee of variance relative to
intelligitility valiuas for apsakers reading under the high-pess and low-pass
frequency filtering of side-tone axc shown in Table 1, The variance
attributadls to high-pass side-tone conditions did nct reach the five per
cent level of confidence, although & comparison of the means in Table 2
indicates that there is ~ tendency for spcaiers to be less intelligible as
the cut-ci? frequency ¢ the side-tone sigrel for higo-pass filtering in
$-~reased iz ths renge trom 15G to 1500 ope,

The viris-=zs attribuiable Lo com’itions of low-pass filtering of s3ide-

tone, aa iraicated in T«tle 1, axceeds the five per cent level of confiderce.
A sormaalscn of e means shown in Table 2 indicates that speakers werd
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sigaificantly more intelligible when frequencies above 300 and 600 cps in
the side-tone signal were attemuated than they were when the cut-off
frequency for low-pass filtering was in the range of 1200 to 1800 cps. A
further corparison, shown in Table 3; was made between the values for three
of the low-pass conditions and the 150 cps cut-off high-pess conditiom,
agsuming that the latter condition represented esseutially a nonfiltering
condition. Beginning with the low-pass cut=off of 300 cys, the differences
between the nsan of the 150 cps cut-off high-pass condition and each
guceassive low-pass condition were tested with the ssatistic (t) to
determine t.2 significance of the differencs, until a (t) was found which
was not significant, Significant dirferences bvetwesn the means of tha low-
pass conditicss and the meap for the condition of 150 cps cut-~off high-pass
filtering were not found beyond the 600 cps cut-off frequercy of the lcw-
pass side-tone filtering condition.

Mean intelligibility curves for the speakers reading vnder the high-
pass and low-pasz frequency filtered conditions of side-tone are graphically
portrayed in Figure l. The mean intelligibility of the epeakers is aseen tc
jrcrease as the low-pass cut-off frequency of the side-tone sign=l is
iowered. No consistent relation is established between the mean intelligi-
bility values end the conditions of high-pass frequency filtering of
glde-tone,

DISCUSRSION

The hypothesis that no difference exists in the intelligibility of
speakers reading under different conditioms of low-pass frequency filtering
of side-tone may be rejected at the five per cent level of confidence, while
the hypothesis pertaining to high-pass frequency filtering of side-tone
cannot be rejected on the husis of the results of this study. Assuming that
tle sound pressure levels of the side-tone signal remained sufificlently
ccnstant to satisfy the requiremsnts of the experiment, and that any
differences found may therefcre be ritributed to frequency components
prevent in the side-tone signal, the generalization may be mede that whea
the frequencies above 00 epo &re sttemwated in the side-tope chenmgl, aa
increass in speaker intelligibility may be expected to occur. This increase
in futelligibility meéy result from thd speaker’'s attempts to improve the
precision vhich appsars o him 0 be lacking in his own speech when the
side-tcne signal frequescies above 500 cps are attenmuated.

SIMMARY

The results of previcus experimentation concerning the hiwan speech
feedback circuit have indijcated that mzasuradble changes occur in the rate
=nd sound pressure isvel of response as the perceived side-tone character-
istics are altered., Thc present expsriment was concerned with the effect of
band-pass filtering comditvicns of side-tone upon speaker intelligibility.
Mean intelligibility scores of speakers were found to increase when
Tvequencies sbove 600 cps in the side-tune channel were attsimated,

3
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Table 1. Summeries of analyses of variance relstive to speaker intelligi-
bility under six comditioms of high-pess freqw-iy filtering of side-twmne
and six conditions of low-pass frequency filter ing of side-tome,

Variance

Source of Variation d.f. high-pass :fﬁ.terﬁ'—ﬁ-&a filtering
Sidz-tone conditions 5 45 S2* 69.,63"*
Speakers 23 919.5%9 366.75
Remainder 115 24,15 26,76

*# F, 1.8 < %

S

** F, 2,60 > 3%

Table 2, Mean intelligibility scores of speaks’s Teading under: (a) aix
conditions of high-pass frequency filtering of ®ide-tooe and (b) six
conditions of low-pass frequency filtering of ilde-tone,

Side-tcne conditiomns cut~off frijuemcy in cps
156 300 600 900 22000 1500 1800

Scores ﬁ\
(a) high-pass 2.8 72,9 69.4 70«3  T0.9 T1.0
(v) low-pass* 76,9 T6.6  Thd  T3e8 T2.9 7342

* Any difference between tvo means of 3.30 significant
(t) at the 5 per cext ievel of comfidence,




Table 3. Mean speaker inteliigibility values under conditions of low-pese
eide-tone cut-off frequency of 300, 660, and 900 cps compared to the mean
speaksr intelligidbility value under the high-pass side-tone comdition of
150 cps cut-off frequency.

=5 F

| Side-tone comdition 150 300 150 600 150 9%
i Score * 72,8 "’6o9 7208 7606 7208 7"01
|

| (t) 1.34% 1,32* 335

*significant (t) at the 20 per cent level of confidence,
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